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Ht^-Sr 2j# ^ 2S> ^^l-§- ?Jo.s-H, tfa^S-i: «9=^2.3. a> 

-g-S}Jl, E]!-^ el#^S] tte* ^>-8-«|-fe Hl'r-g-^ el* 2*} 

3.e^(GBL)3. °]*e)& ^6\)a] A>-§-e]-jl, »| 3^-g-°.JL cH*?K&tll 

olS(DMC), < Hlli^ll^?KS.i-1HJE(EMC) > t^oil^^vilol E(DEC), o||1iS.3.S!7K5Li.1H 

E(MPC), <*flfJ =3.2|-t°1HE( E p) ; Wl^oHE)lolE(MA), °)1^0HlEflolE( EA ) f 5£ S[o} 

^Efl°lM(PA), nHHHli31 = (DME), THF, ^ 2--«i1 J= e|-*M 

(2-MeTHF)AS <>l-¥-<H*l *<HM -S^fe #^-8: *}-g-*Rr 3^£-7fl<il 3# Jf-=S .2.3. 
?M# 2*> 31*1-8- ^sfl^-g- Xl-g-^-o.s.*«| e)# -M^ 2*> *i*lsi <?Hj>8 ^ ^ 

*<s* ^sm^ ^ say*. 
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elf- ^ €*l-§- ^sflo«{A Electrolyte for Lithium Sulfur batteries} 
-SMI* ^1 

-g-^Kaprotic solvent)^ 7^4 ^3 «l°cM-^ -§-nfl» -S^M 
*ifl-8- ^^l7|Sl.^-^tr *3H1 nfer 2*} 3*13 ^7 r A]7]Jl #t}. flu*) 

■8" ^7l7ls; ^<EBi3 ^J$<H Jf-g-^- ^ o}^ 3. 6\)u\Z\ ^£^1 ^^2] -§^J-o] 351^ 

3.2.3. £L^£\JL 91°.^, *]BW± Jl^l St^Jl #3*!SM1 

. ^i^tr JS-^* iS^Mfe 7H f^l ej-f-gal^lfe «7M*1 7M3 

-H «fe 3*1 ^ <*M*1 'Si^H 7}^- -fr 1 *^, oflui^j B J£fe 3830 mAh/g, 

*(Se)3 S£7> 1675 mAh/gAS. *HJ-£|fc ^-a) ^^\^o] 

#°1 3*1 -§-^* M-E^cfe 
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<6> nl^-sej ^6,030,7203: <HH-b ^-g-°fl7V R 1 (CH 2 CH 2 0) n R 2 (<*}7H^ 2 ifl*l 10 

oIji, <y-2j £Efe ^#), ^-S-^fl^ ^1 (donor) ^v)7} 15 -g- 

<7> H&hg- °)|EflH(crown ether), 3.^^ (cryptand) , -g-n}](donor 

number) ^ 2}<H5. i^ffe -§-nfl» i^-^ ^sfl ^Sfl^j-i- A>-g-trth 

<8> =L^JL, i^StS. 7fl#2f°lE( cat holyte)7> slfe ^Sfl^o.^. #*}2) 

^^Hi(separation distance)7> 400 /an 6 ls:>o|cf. 
<9> £? _v, n]^- J^z] *1]5,961,672J:°1H£- e)fl- ^ #e)^ ^s.^. ^ 

4 oV^-a- 7fl^d5>7l ^s}^ us! LiS03CF 3 , l > 3-^^-i??:/cl^ze)- < a/^S^./cl D )|s.Alofl 
1^(50/20/10/20)21 .£^-««-§- Af-g-t!: 3* 7flAls>Ji 5£4. 

<io> nl^-s.^ *jl 5,523179^3)- *fl 5,814,4205: *J ^l^*) *)1 6,030 ( 720iL°ll 

<12> ^-712) «»JO £ ^ o.^ ^Mj-^ol ?]sfl e)# ^^o^ 

*r*l s]ci, at!- eH-S^^j. ^sfloflaq-a) ui-g-o.s. ^lsjfe- e)f-s] Jf^AS. # 
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<13> o]e^V ^^}7] ^ 3] u]^Sris] ^)16,017,651J:, X] 

6,025,094Jl ^ fl-^-s^ ^5,961,672^ -§-<HHfe Elf-€^-2l il5|t 

<14> ^-7121 e|f- iL^^l ^rflS. Elf- ol^-O] ^<y,g_ ^o. 

s.^o> sl-q- e]-§--4 ^sflaJaMq ^o)-o> 3.4. ^4, 

<15> cfl-^-g-2l #X}7} ^ ^Sfl-*! ^ ^7M1S}- elf-Si HV-g-ofl °l 

Sfl Elf- !LS.n°] *>J1 °1 Hj-^ o. -j_ n^o) ^^ol ^l^^l 

f^-S ^-^^2] ^ 0 3°) 2)9 tt<$ ^ ja?11 ^4fe €-*fl3«l 5fltf. 

<ie> 2 s^x] «j-^o.sfe #eJ-2:PH* e|# a^oflAi «>^-a1^ e)f-M-o]Ee|-oic 
(Li 3 N)## Elf- ^S^Al^lfe 5^0.4 ©1 «D-^£ rzeflo] n>*c)el (grain 

boundary)!- -§•?!- 313) a) a] 7>^}ji, elf-ufo] Ee>ol=.7> ^£<H1 ^=3fl zz. %■<>] 

€-«flS)7l «ajl -¥-$}iL4:E S^l-t -fi£-2-(potential window)7> ^KO.45 V) *\ 
-8-s|7l 0^4^ ^l^o] $34. 

<17> a 4=. >£»}o..£.i- LiP0N(Litium phosphorus oxynitride)-§- slf-i^ofl 

sfe *<W1 2lsfl ^bj-^ «ga)fe «j-^o] 5^4. zlb\^, ©1 >£«H1 2l«fl LiP0N5L 

ofl 1-slt.V ^ol sar^-fe- S-^l^oi sflcj.. 
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°<J*M3 -§- D M «r<^M3 -§- D fl» a}-%t*}^ 4^*}^ %°] 

4. 

<20> "S^^S *l--g-S|-ji, ej### SEfe el-B-^al -g-^o.jg. 

°)l^€7>tivilc.lE( EMC ) j t^ofl^?]-i.i.1lolE(DEC), ^l^S.S^^a.i-llolEdtfpc), 

3)^.t|)olE( E p) ) n )HoHltflolE( MA ) > ofllgoH03Mm(EA), n S .^oHl^]olE(p A ) j C] nfl 

^oHiEfle(DME), 1,3-4^-^, THF, ^ 2-MeTHF.2.5- ol-f-^ -§-!!-§- 
^>-8-«|-fe 3^-g-Tilti ??-§- ^J-fi-S 5>fe s]# 2*> 3*1-8- #*IH-g- ^l^?Vcf. 

<22> ols>, ^Tg-fr £4. 

<23> ^fl- 2%\ %A^= *(Ss). 3# ^4°ls(Li 2 S), e^-B- 

§e]^2)-olc (Li2Snj n= 2 , 4, 6, 8)« *l~g-*Kil flo.^, o]^ -§- 
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^■i- ^ -g-*M?]7l fl*Hfe et« «r<J*M3 -g-nfl<4 =.^o] «l«g*Hg -g-ufl 

<25> ££tb, ^Sfl^ JL^ J^g 31 *1 * °1 -f^o) s>7l <Hfe3°l 

<26> ^aV^AS <$7]2] 2l&-& *r Sife fc^ -§- D H^ ^ <H^ 7 ) nfl-£ofl 

Ji* 2 tfl^l 4#sl A>-§-tb4. 

n= 2, 4, 6, 8)1- S ^-ol7l -fJ-*» €■ -g-^flS ^-g-^cf. a. ^tgofl^fe 

-n-^ -y-^> 85.1?1 0 ll^^l7'l-i-t11 0 lS, 69<?1 ^KtH-lH e ^ 43.3^1 -g£?b 

(sulfolane)* -M--g-*}fe 

£(sulfolane)S) ^^£7> 371 nfl-g-ofl o]* ^7} #0%*] t]^f\s.^o]B. 

(DMC), <H|1 sMfl ^na-tll^-^CEMC), ^°fl€^i-1l 0 lS.(DEC), "ill S.-S.^hSH-IH M 
(MPC), nfl^HS-^icoflolEdUp), o)l^n^4 it o)lolE( E p) i o)j ^ c, ]-'*fl E fl °1 — (MA) , <*M<>} 
^lEflolS(EA), iS.^c.>^EflolE(pA), nHl!HiEfls.(DME), D0XL(1 ,3-cl^-db^) , THF, 
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2-MeTHS. ^l-?-^ 2-<HH -g-nfl# Af-g^V^- %o] n}#z\-s}r). . 

<3i> ^7} 5 30 %% A>-g-*>^ ^o] H>^-^5>nf. aJ- 7 ) l^-g-£r cfl 

tV *Sfl£7> 3<H\I- 5]»«Hl^sl-< : 'l^(Li2Sn; n = 8,6.4,2, 1)<*H nfltl -g-«fl£^ 3 

<H4-*1 f"i V ^ 0 l *H§3^*1 q-Eful-fe- J*-*?-** 67M7> Sjfetfl 

3<H\i 1^^-gr 2^£-°)) «l*fM aj^ AV-g-s^ 3}ol ^sflajol -g-^^^ ##3 

<32> »l 20 ifl^l 50 *« ^}~g-*H= ?M «l-#3]*>^, *H 3^£-& 20 

50 *S $o] nV^-3]s>nf . Aj. 7 | 2 ^£4 3^9 ^^3E^- 

°1 2^«-fr ?H ^Sfl^o-S.^ ^ s^ol acfe 

$°] $U 3^-g-^r 3*1 ^1°V |£7} ^C^r #%c] fli}. u^A) 2^ 

S-fr .^£*>7fl AV-g-?fl£ ?^>Jl 2f£*1-7fl A>-g-6H£ ^^^,a>^^l 

<33> #71 3^-g-^r Hl-fr-fr iL* l:l^£7> ^^Cf. olfe ^a)^ i^o S> 

ofl* 2^«-§- 50 % A}-^}^ »8-^%=ol #7J-^ ^Aj-o] ^SH, 2 AJ 

pc* 4^ i-m*i ^as-s- ^8:°ih ji^]o)7i t4)-£°n ^>g£7> =lck ***i 2 

•S^^l #^*l-£r d l-fr*^ *>M-°14. 

^ -JM ^ ^ 311- ^ 3l#/Hl»^ %S] 

3^M" "2*11%, Li 2 S„ (n^l), Li 2 Sn 

(n^l)°l -g-sfl^ ?fl#3l-o]E(catholyte), -fi-7l « U^-* ^ l-e)°K(C 
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2 Sx) n : x= 2.5 ifl*l 50, n^2)S. o]^o]£ if, o]#i£\ fl^-fr 

<35> o]sl- ) g. «>f-3j^ ^1*1^4. cKt, g-ig 

2] 0 l«fl# §71 £«J * 1^ 0 1 *}7l5Rr ^Al^o)l 

<36> $x\s] ^la 

<37> ^^1<afl 1 lfl*l 4 ^ HlJlo)! 1 

<38> 60 %2\ 20 %21 tt=1-P, 20 %2] #e](Hl^ fJ-^Eflo] e)s. e.>Afls.qs^ -g- 

^}^. "tt&sH- si* ^ *fls]elH31- tn «lis ^^S- flofl i 

M ^£21 LiS0 3 CF 3 » <S^S ^-g-SRr <*) ^ 7 M #fl.<q gtifl^g. ^S.^. 
4|*)8lMe|5- zi $Hi ^&t}. Sisfl-ai* 2l^t e) 7>*l-sa^. ^ ^c^i e]# si^-fr <3%l 
ty. 2^=1 ^1# ^ofl^H 24Al# ^ Si^l 1.5 vfl*l 2.8 V^l 

0.1 C 1^ f^Sl, 0.2 C 32| f^Si, 0.5 C 53) 1.0 C 1003 #^-1- ^ 

<39> ^ 1 
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^=°1 571 mAh/g-5.5. -^H-I-ol] 2\n t$2lQ ^]S] 3,7] -%-*&tLty 7 ifl*l 9 % ^ 

^>ol7> X+Efq-ul ^tg Jg.Aj <*) A j ^ Al< ^l 1 ifl*] 40] ^ x ] 7 j. Hl5 7^| lo( | Hl 

*fl «J= 8 16 % #7>*f^r}. 

SE^ ZL2] $-S.^7} q-^«>l _'^ -g-SflH* #7M^7l nfl^-O.^. ^Z^i}. 

3 «?1<>1 £.2.3. ASq-^cf. 

-a^H 1, 2 ^ 3* «lJEs>^ inS, ^ ^-ol^ ^ as| -fi-E.*ll2|- EflE 

e|-*H=3.#3: EEfe ZLfiJ -R-JEsfl A>o]<Hl a^o] ^ol7l- uj-fe 1- ^ jflt)-. 

%3 -8-^|E7l- «3H=* nl^lfe ^o] o^e). <*ofl tftffc f«ns. *}°]$. 
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1] 

%5MS-#^- ^G-S- A}-%--5}JL, a)*^ SEfe e)fl-^°] 4-g-*> 
al'T-g-a ell- 2*} ^sfl^H SW-H. 

^KSLtlHsCEC), n S .^ ? ]5-]._ a _t|| 0 |E(p C ) ( ^i^-(SL), ^B^S.^-g-CGBUS. 

4^°)) 0 1S(EP), °)) 1 ioHlEflol.E( MA ) > ofl^oHlEfl^SCEA), SS. ; goHlEflo]E(p A ) i cjpj , 
iHl^l^CDME), l,3-t\4±±.&, nm.H-*l°]B.3.W&(WF), ^ 2-nfl<S 3] Sii)-sMH.3^f 
?*(2-MeTHF)As. ol-f-oj^ ^^5]^ A>-g-^>fe 3^t?H?l ^* f^SlS 

sfrfe ^=1 2*1- #*l-g- 

13 T 1 * 2] 

#7l l^g-o] 5 Lfl^l 30 %o]ji j ^ 20 i-fl*] 50 %°H , 3^^-& 20 

vfl^l 50 %S\ €tt"S ^sfl^. 

I^t 1 * 3] 

-y-^l #sfl<£°l ^#^}#^.2..2.£^H.e (lithium hexafluorophosphate, LiPF 6 ), 

2l#Efl E -^«^-iLS£.BflolE( LiBF4); e]l-«lA]-S.=.^3o|.H^ l .1lolE( LiAsF6 ) i e)f-2j# 
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S5flflS(LiC10 4 ), 3# ^^S.S.S.^^S.'d °lnlJ=(LiN(CF 3 S02)2) ^ B]f-M e]#-f- 
^.s^ it flolE( Li CF3S03)S °1^-<H^1 ^Sl^r 1* ^1^-21 #3 ?1 #*fl^. 

^1 3*4] SM-M, 

-^-71 ^sfl'S^ ^£.7> 0.5 i-fl^l 2.0 M?I #*fl<S>. 
137* 5] 

I^t 1 * 6] 

^ jaafl Li 2 S n (n^l), Li^ (n^l)c-l *«fl^ ?fl*e}ol 

S(catholyte), -fM ^ <&i-% ^ £eH ((C 2 S x ) n : x= 2.5 tfl*l 50, n 2s 2)3. 

[^t 1 * 7] 

Ell" <S*I 2^ *U1. 
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